Crown-gall disease, incited by the bacterium Agrobacterium tumefaciens (Erwin F. Smith and Touns) Conn., is characterized by the production of autonomously growing plant tumors. Although there has been a large amount of research done with this disease (2-4), the exact mechanism of tumor induction remains unknown.
A. tumefaciens induces new biosynthetic pathways in host tissue (28) . To account for these new pathways which result in autonomous growth of tumor cells, three hypotheses have been advanced. The first proposes that the virulent strain of A. tumefaciens carries a phage which is responsible for tumor development (18) . After the bacterium enters the plant, it releases the phage which then transforms normal plant cells into tumors. This hypothesis receives support from investigations in which a bacteriophage active against A. tumefaciens was isolated from sterile sunflower gall tissue (18) . Further evidence suggests that the DNA from such a phage is capable of inducing tumors in the plant species from which it was isolated (13) . However, electron microscopy studies of plant tumor cells have detected no bacteriophage or viral-like structures (11, 14) , and buoyant densities and melting temperatures of the DNA from both virulent and avirulent strains of A. tiumefaciens are virtually identical (12) .
According to the second hypothesis, the DNA of the bacterium is incorporated into the host genomes (21, 26) . Hybridization studies between bacterial DNA, crown-gull tumor cell DNA, and normal cell DNA reveal greater homology be- ' (15) . Essentially, the assay is the same as the one used to measure chromatin-bound RNA polymerase activity, except 0.4 ,uM of y-'1P-ATP (specific radioactivity 5.5 Chromatin directed RNA synthesis is sensitive to Actinomycin D, an inhibitor of DNA-dependent RNA polymerase (Table I ). The reaction mixture containing Actinomycin D resulted in at least 93% reduction in the amount of "C ATP incorporated into the trichloroacetic acid-insoluble fraction. RNase A was used to show that the labeled nucleoside triphosphate was actually incorporated into RNA (at least 82% reduction of 14C incorporation). The reaction is also dependent Rifamycin, a specific inhibitor of A. tumefaciens RNA polymerase (unpublished results), had no effect on RNA synthesis of the controls, but did inhibit slightly and consistently (22%) RNA synthesis by tumor chromatin. There are a number of possibilities which may account for this observation. It may be possible that trace amounts of bacteria, while not able to multiply because of the penicillin and streptomycin, were able to synthesize RNA and thus would be sensitive to a rifamycin treatment. Another possibility is contamination of the chromatin with extranuclear RNA polymerases (mitochondrial or chloroplast) which may be sensitive to rifamycin. This is less likely, however, since the two controls should also be contaminated. A final explanation might be that a fraction of the bacterial DNA which is responsible for coding the production of bacterial RNA polymerase is present in the tumor chromatin. If this were the case, then some of the bacterial RNA polymerase would probably remain attached to the chromatin during its purification.
Alterations in the composition of the grinding medium, ratio of grinding medium to weight of plant tissue, and method of grinding resulted in variable losses of chromatin-bound polymerase activity. The recovery of DNA chromatin from tumorous plants varied from 26 to 30 ,tg DNA/g fresh weight depending on the size of the galls. Chromatin from avirulentinoculated and healthy tissues ranged between 17 and 18 ,ug DNA/g fresh weight.
Production of RNA by chromatin-bound RNA polymerase of healthy, avirulent-inoculated and crown-gall tissue is illustrated in Figure 1 . Although the absolute maximum product was synthesized after 20 min by chromatin from all three tissue types, statistically there is no difference between the amount of RNA produced at 10 and 20 min for both of the control chromatins. The enzyme reaction rate of all three tissues levels off after 20 min and the amount of RNA synthesized at that time by tumor chromatin is three times that of the inoculated control and five times greater than the healthy control. Also the RNA produced by the inoculated control is significantly greater than the healthy control.
Since RNA synthesis could be influenced by RNase and DNase enzymes associated with the chromatins, these variables were measured (Table II) . There is no significant difference between the RNase activity of healthy chromatin and tumor chromatin or avirulent-inoculated chromatin and tumor chromatin.
RNA production may be affected by DNase because RNA polymerase molecules seem to attach readily to "nicked" portions of DNA (27) . The DNase activity of all three chromatin preparations also overlap. In addition, if the RNase and DNase reactions were carried out at 25 C instead of 37 C, no activity could be detected in any of the preparations, even after 24-hr incubation.
For optimum synthesis of RNA, all three chromatins require the presence of both Mg2+ and Mn2' ions. The data in Figures 2 and 3 show the optimum ion concentration of both to be 20 to 30 mm. Note that even though the single ion concentration is greater than the combined (Mg2' and Mn2") ion concentration used in the kinetic experiment (Fig. 1) , the amount of RNA synthesized is less, verifying the need for two separate metal ions for maximum enzyme activity.
Since the increase in RNA synthesis by tumor chromatin could be due either to a greater amount of chromatin-bound RNA polymerase or to more genetic sites available for transcription, a reaction was run using increasing amounts of E. coli RNA polymerase with 0.5 ,ug of chromatin as template to distinguish between the two possibilities. RNA production by fortified chromatin (chromatin with E. coli polymerase added) of healthy, avirulent-inoculated and tumor tissue is presented in Figure 4 . Saturation was achieved with the same number of units of polymerase (5 units) in all three chromatins. At saturation the two controls yield about the same amount of RNA, however, fortified tumor chromatin produced about 36% more RNA. These data suggest that there are approximately 36% more sites available for transscription in tumor DNA than DNA from the controls. At higher concentrations of E. coli RNA polymerase there is a slight decrease in RNA synthesis in all three samples. This is probably due to contaminating traces of RNase in the commercial preparation of E. coli RNA polymerase used.
By using y-3P-ATP, it is possible to estimate the number of RNA chains starting with ATP since the Y phosphate is retained only in the initial nucleotide (15) . Combining these data with a measurement of total RNA synthesis by using 14C ATP, it is possible to arrive at a mean RNA chain length. Although the mean tumor RNA chain length is significantly smaller than the two control RNA lengths, the significant difference (10.6%) is less than the significant difference between the control and tumor y-'P-ATP incorporation (30.0%). Thus it is safe to assume that the data (Table III) indicate that the increase in RNA synthesis by fortified tumor chromatin (chromatin saturated with E. coli polymerase, Fig. 3 ) is due to an increased number of RNA chains. Since E. coli RNA polymerase starts RNA chains with either ATP or GTP (15), it is not possible to deduce the total number of RNA chain starts from these data. Also, it is not known whether these additional RNA chains represent new genetic information.
Although the total RNA produced by the three fortified chromatin preparations (Fig. 4) is less than the total RNA produced in the chain initiation experiments (Table III) , the 52, 1973 An increase in genetic sites may be accomplished in a number of ways. Genes in the host may be activated (derepressed) by a substance elicited or induced by the bacterium. Histones, which are thought to play a role in genetic regulation (1, 6) , when applied to a plant within 4 days after inoculation, cause inhibition of tumor development (7 Research similar to that reported here has been carried out using tobacco callus tissue and tobacco crown-gall callus tissue (24) . No difference was found in the chromatins from the two types of callus tissue with regards to chromatin-bound RNA polymerase activity or amount of template available for transcription. However, many growth compounds must be added to a culture medium in order to obtain a callus tissue from healthy plants. Some of these compounds have been shown to change some properties of plant chromatin (10, 16, 17, 20) . Therefore, differences between healthy and tumor chromatins may be masked when using callus tissue.
Although it is obvious that there are marked differences between crown-gall and healthy tissue chromatins, it is not possible to tell from the data whether the changes are due directly to transformation by the tumor inducing principle (3) or to secondarily accumulated growth compounds. Studies on the changes in plant chromatin over a time period following inoculation should clarify this latter point.
